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Description 

FIELD OF THE INVENTION 

5 [0001] This invention relates to the use of a screening method according to daim 1 for the selection of mutations 
which confer acetohydroxy add synthase inhibiting herbidde resistance to wheat This invention also relates to the use 
of a seed of resistant wheat developed by this method. 

BACKGROUND OF THE INVENTION 

[0002] The first enzymatic step common to the biosynthesis In plants of the branched chain amino adds (valine, 
leudne and isoleudne) Is catalyzed by the enzyme acetohydroxyadd synthase (AHAS; also known as acetolactate syn- 
thase; E.C.4.1 .3.18). AHAS catalyzes two parallel reactions: condensation of two moles of pyruvate to give rise to ace- 
tolactate, and condensation of a mole of pyruvate and a mole of alpha ketobutyrate to yield acetohydroxybutyrate. This 
enzyme is inhibited by the end products of the pathway (valine, leudne and isoleudne) and this is one of tiie known 
mechanisms of regulation of this pathway in higher plants. 

[0003] AHAS is the target site of several dasses of structurally unrelated herbiddes. These herbiddes indude the 
imidazolinones, ttie sulfiamoylureas, the sulfbnylcarboxamides, tiie sulfonamides and \he sulfonylureas. 
[0004] Large scale commerdal agriculture relies heavily on row-crop production practices. The availability of herbi- 
cides which selectively eliminate problem weeds while leaving crop plants undamaged is a major enabling component 
of these practices. Herbiddes which control tiie majority of problem weeds are available for most major crops. The 
afbre-mentioned AHAS inhibiting herbicides are a key element In weed control. These same herbiddes, however, may 
miss important weeds in certain niche crop production areas. Also, currentiy used herbicides may have ecological prob- 
lems or cost constraints attached to Uieir use. 

SUMMARY OF THE INVENTION 

[0005] There is a need to develop varieties of wheat which are resistant to AHAS inhibiting herbiddes. The devel- 
opment of such resistant varieties would permit wheat growers to use tiie AHAS inhibiting herbicides, whose use results 
in reduced application rates, reduced ground water contamination and reduced animal toxicity when compared to ottier 
classes of herbiddes. 

[0006] Accordingly, it Is an object of this invention to develop a screening mettiod for the selection of mutations 
which confer AHAS inhibiting resistance to wheat. 

[0007] It is a particular object of this invention to develop a screening method for tiie selection of mutations which 
confer AHAS inhibiting imidazolinone herbidde resistance to wheat. 

[0008] It is an additional object of tills objection to identify wheat selections Identified by tiie novel screening 
metiiod. 

[0009] These objeds are accomplished by mutagenizing wheat seeds witti a chemical mutagen. In a first screening 
step, seeds are soaked in an AHAS inhibiting herbicide-containing solution. In a second screening step after planting, 
soil containing tiie seeds is sprayed wiUi an AHAS inhibiting herbicide prior to tiie emergence of seedlings from the soil. 
Those wheat seedlings which emerge demonstiBte resistance to AHAS inhibiting herbiddes. 

BRIEF DESCRIPTION O F THE DRAWINGS 

45 [001 0] Note: The chemical names of the trademarked herbiddes and Compound Numbers in tills Brief Description 
of tiie Drawings are set forth In tiie Detailed Description of tiie Invention portion of tills application. 

Figure 1 depicts tiie effect of increasing tiie concentration of the imidazolinone herbidde SCEPTER™ upon tiie 
ratio of tiie number of plants which have a normal appearance versus the number of seeds soaked in an imida- 
50 zolinone herbicide-containing solution. 

Figure 2 depicts the effect of increasing tiie concentration of tiie imidazolinone herbidde PURSUIT™ upon tiie ratio 
of tiie number of plants which have a normal appearance versus tiie number of seeds soaked in an imidazolinone 
herbldde<ontainlng solution. 

Figure 3 depicts tiie effect of increasing tiie concenti^tion of tiie imidazolinone hertjidde ARSENAL™ upon tiie ratio 
55 of tiie number of plants which have a normal appearance versus the number of seeds soaked in an imidazolinone 
heriDidde-containing solution. 

Figure 4 and 5 depid tiie appearance of imidazolinone herbicide-resistant wheat, ti-eated with a seed soak plus 
pre-emergent spray containing PURSUIT™, compared witti unb-eated, non-resistant wheat. The resistant wheat is 
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in the left-most flat in Figure 4; the resistant wheat is in the middle flat in Figure 5. 
Figure 6 depicts the appearance of wheat grown from M3 seedlings, which are progeny of FS4. 
Rgure 7 depicts a comparison of plant height (in cm.) of wild-type wheat (Fidel) versus bulked M3-M4 seed from 
FS1 four weeks after post-emergence treatment with ARSENAL^. 
5 Figure 8 depicts a comparison of plant height (in cm.) of wild-type wheat (Fidel) versus bulked M3-M4 seed from 
FS1 four weeks after post-emergence treatment with OUST^. 

Figure 9 depicts a comparison of plant height (In cm.) of wild>type wheat (Fidel) versus bulked M3-M4 seed from 
FS1 four weeks after post-emergence treatment with PURSUIT™. 

Figure 10 depicts a comparison of plant height (in cm.) of wild-type wheat (Rdel) versus bulked M3-M4 seed from 
10 FS1 four weeks after post-emergence treatment with SCEPTER™. 

Figure 10a depicts a comparison of plant height (in cm.) of wild-type wheat (Fidel) versus tMjIked M3-M4 seed fix)m 
FS1 four weeks after post-emergence treatment with Compound 2. 

Figure 1 1 depicts a comparison of growth (as a percentage of control plants) of wild-type wheat (Fidel) versus the 

M4 wheat mutants from FS2 and FS4 four weeks after pre-emergent treatment with SCEPTER™. 
15 Figure 12 depicts a comparison of growth (as a percentage of control plants) of wild-type wheat (Fidel) versus the 

M4 wheat mutants from FS2 and FS4 four weeks after pre-emergent treatment with ARSENAL™. 

Figure 13 depicts a comparison of growth (as a percentage of control plants) of wild-type wheat (Fidel) versus the 

M4 wheat mutants from FS2 and FS4 four weeks after pre-emergent treatment with PURSUIT™. 

Figure 14 depicts a comparison of growth (as a percentage of control plants) of wild type wheat (Fidel) versus the 
20 M4 wheat mutants from FS2 and FS4 four weeks after pre-emergent treatment with an imidazplinone herbicide. 

Compound 2. 

Figure 15 depicts a comparison of growth (as a percentage of control plants) of wild-type wheat (Fidel) versus the 

M4 wheat mutants from FS2 and FS4 two weeks after post-emergence treatment with PURSUIT™. 

Figure 16 depicts a comparison of growth (as a percentage of control plants) of wild-type wheat (Fidel) versus the 

25 M4 wheat mutants from FS2 and FS4 four weeks after post-emergence treatment with PURSUIT™. 

Figure 17 depicts a comparison of growth (as a percentage of control plants) of wild-type wheat (Fidel) versus the 
M4 wheat mutants from FS2 and FS4 two weeks after post-emergence treatment with Compound 2. 
Figure 18 depicts a comparison of growth (as a percentage of control plants) of wild-type wheat (Fidel) versus the 
M4 wheat mutants from FS2 and FS4 four weeks after post-emergence treatment with Compound 2. 

30 Figure 19 depicts a comparison of shoot fresh weight (as a percentage of control plants) of wild-type wheat (Fidel) 
versus the M4 wheat mutants from FS2 and FS4 seven weeks after post-emergence treatment with PURSUIT™. 
Figure 20 depicts a comparison of shoot fresh weight (as a percentage of control plants) of wild-type wheat (Fidel) 
versus the M4 wheat mutants from FS2 and FS4 seven weeks after post-emergence treatment with Compound 2. 
Figure 21 depicts a comparison of plant growth (in cm.) of wild-type wheat (Fidel) versus the FS2 mutant from 

35 bulked M3 - M4 seed four weeks after post-emergence treatment with CLASSIC™. 

Figure 22 depicts a comparison of plant growth (in cm.) of wild4ype wheat (Fidel) versus the FS2 mutant from 
bulked M3 - M4 seed four weeks after post-emergence treatment with a sulfonylurea herisicide, OUST™. 
Figure 23 depicts a comparison of plant growth (in cm.) of wild-type wheat (Fidel) versus the F2 mutant from bulked 
M3 - M4 seed four weeks after post-emergence treatment with a sulfamoylurea herbicide, Compound 3. 

40 Figure 24 depicts a comparison of plant growth (in cm.) of wild-type wheat (Fidel) versus the F2 mutant ft-om bulked 
M3 - M4 seed four weeks after post-emergence treatment with a sulfonylurea herisictde, BEACON™. 
Figure 25 depicts a comparison of plant growth (in cm.) of wild-type wheat (Fidel) versus the F2 mutant from bulked 
M3 - M4 seed four weeks after post-emergence treatment with a sulfonylcarboxamide herbicide, Compound 1. 
Figure 26 depicts a comparison of plant growth (in cm.) of wild-type wheat (Fidel) versus the F2 mutant from bulked 

45 M3 • M4 seed four weeks after post-emergence treatment with an imidazolinone heri3icide, Compound 7. 

Figure 27 depicts a comparison of plant height (in cm.) of wild-type wheat (Fidel) versus the M4 wheat mutants from 
FS1, FS2 and FS4 three weeks after post-emergence treatment with PURSUIT". Compound 2 or an imida- 
zolinone herbicide. Compound 8. 

Figure 28 depicts a comparison of plant height (in cm.) of wild-type wheat (Fidel) versus the M4 wheat mutants from 
50 FS1 , FS2 and FS4 six weeks after post-emergence treatment with PURSUIT™, Compound 2 or Compound 8. 

Figure 29 depicts a comparison of the yield (as a percentage of control plants) of wild-type wheat (Fidel) versus the 
M4 wheat mutants from FS1 , FS2 and FS4 ten weeks after post-emergence treatment with PURSUIT™. Compound 
2 or Compound 8. 

Figure 30 depicts a comparison of growth (as a percentage of control plants) of wild-type wheat (Fidel) versus the 
55 M5 wheat mutants from FS4 six weeks after post-emergence treatment with PURSUIT™, Compound 2, Compound 
8, an imidazolinone herbicide. CADRE™, or a sulfonylurea herbicide. ACCENT™. 

Figure 31 depicts a comparison of the mean plot yield (in grams of grain per plot) of wild-type wheat (Fidel) versus 
the FS4 mutants (M5 seeds) ten weeks after post-emergence treatment with PURSUIT™. Compound 2, Compound 
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8. CADRE™ or ACCENT". 

Figure 32 depicts an 1q viim enzyme assay which measures the inhibition of AHAS activity in FS1 mutant wheat 
(lat)elled WS1). not sprayed with herbicide after emergence, by valine and leucine (labelled V+L) as a control. 
SCEPTER™. PURSUIT™. Compound 9 and OUST™. 
5 Figure 33 depicts an in yjtre enzyme assay which measures the inhibition of AHAS activity in FS1 mutant wheat 

(labelled WS1), sprayed with herbicide when the plants are three weeks old. by valine and leucine (labelled V-i-L) 
as a control. SCEPTER™. PURSUIT™. Compound 9 and OUST™. 

Figure 34 depicts an |a yjfro enzyme assay which measures the inhibition of AHAS activity in wild type wheat 
(Fidel), not sprayed with herbicide after emergence, by valine and leucine (labelled V+L) as a control. SCEPTER™, 
10 PURSUIT™. Compound 9 and OUST™. 

Figure 35 depicts an in yi^ enzyme assay which measures the inhibition of AHAS activity in wild type wheat 
(Fidel), sprayed with herbicide when the plants are three weeks old. by valine and leucine (labelled V#L) as a con- 
trol. SCEPTER™. PURSUIT™, Compound 9 and OUST™. 

Figure 36 depicts an io vitro enzyme assay which measures the inhibition of AHAS activity in FS4 mutant wheat, 
15 not sprayed with herbicide after emergence, by valine and leucine (labelled V+L) as a control. SCEPTER™. PUR- 
SUIT™, Compound 9 and OUST™. 

Figure 37 depicts an la ylkQ enzyme assay which measures the Inhibition of AHAS activity in FS4 mutant wheat, 
sprayed with herb'idde when the plants are three weeks old, by valine and leudne (labelled V+L) as a control, 
SCEPTER™. PURSUIT™, Compound 9 and OUST™. 
20 Figure 38 depicts an in vjtrQ enzyme assay which measures the inhibition of AHAS activity in wild type wheat 
(Fidel), not sprayed with herbldde after emergence, by valine and leudne (labelled V+L) as a control, SCEPTER™, 
PURSUIT™. Compound 9 and OUST™. 

Figure 39 depicts an in yitrQ enzyme assay which measures the Inhibition of AHAS activity in wild type wheat 
(Fidel), sprayed with herbidde when the plants are three weeks old. by valine and leudne (labelled V+L) as a con- 
25 trol, SCEPTER™. PURSUIT™, Compound 9 and OUST™. 

DETAILED DESCRIPTION OF THE INVENTION 

[0011] This invention is directed to a novel method for screening for the selection of mutations which confer AHAS 
30 inhibiting herbidde resistance to wheat. Wheat seeds are mutagenized with a chemical mutagen by conventional 
means. In a first screening step, mutagenized seeds are soaked in an AHAS Inhibiting herbidde-contalning solution 
containing a particular dass of AHAS inhibiting herbidde by adapting a published procedure for soybeans to wheat 
[001 2] In a novel second screening step, the seeds are then planted In soil and subjected to spraying with an AHAS 
inhibiting herbidde of the same dass as that used in the seed soak step prior to emergence of seedlings from the soil. 
35 Those wheat plants which emerge and have a normal appearance are considered to be resistant to the class of AHAS 
Inhibiting herbiddes used in the two step screen. These plants therefore have the benefit of being able to be planted 
and their area treated with a dass of AHAS inhibiting herbiddes so as to eliminate problem weeds while the wheat 
plants remain undamaged. The inheritance of the AHAS inhibiting herbidde resistance trait is demonstrated by testing 
several generations of seeds from the initial mutants for resistance to applications of a dass of AHAS inhibiting herbi- 
40 cides. The resulting plants may be, but are not necessarily, cross-tolerant to dasses of AHAS inhibiting herbiddes other 
than that used in the two step screen. 

[0013] The mutagenesis of the seeds Is achieved by conventional means using a chemical mutagen. One proce- 
dure is that of Kueh and Bright (Kueh, J.S.H. and Bright, S.W.J.. Pianta . 153 , 166-171 (1981). wherein seeds are 
soaked in water, air is bubbled through the seeds, followed by treatment with a chemical mutagen such as sodium 
45 azide. The seeds are then rinsed with water and dried. The use of sodium azide in this procedure is particulariy pre- 
ferred. 

[0014] Other chemical mutagens and procedures for their use indude N-flfiethyl-N-nitrosourea and N-ethyl-N-nitro- 
sourea (Ruhr. R. and Csepio, A., Methods EnzvmoL rPlant Moi Biol ) Ufi, 611-623 (1986)). ethyl methanesulfonate 
(SebasUan. S.A., et al.. Crop gci.. 2S. 1403-1408 (1989)), and hydroxylamine and hydrazine (Khamankar, Y. G., i 

50 Maharashtra Acric. Univ. . M. 322-325 (1 989)). 

[0015] The mutagenized seeds are then screened for resistance to AHAS inhibiting herbiddes. Initially, la vitrp 
screens evaluating herbicide tolerance of isolated wheat embryos, half seeds and whole seeds, are investigated. How- 
ever, these screens are time consuming and problematic due to contamination problems and variable response of the 
wheat. Therefore, another type of screen is used. The procedure according to the invention is derived from a protocol 

55 developed by Sebastian and Chaleff (Sebastian, S. A. and Chaleff. R. S., Crop Sdence. 21. 948-952 (1 987)) for selec- 
tion of herbidde tolerant soybean. This screening procedure involves soaking whole, mature wheat seeds in an AHAS 
inhibiting heri^idde-containing solution containing a particular dass of AHAS inhibiting herit)idde for a set period of time 
after which the seeds are planted in a sterile soil mbdure. 
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[0016] Various classes of AHAS inhibiting herbicides include the imidazolinones. the sulfiamcylureas, the sulfonyl- 
cartx>xamides, the sulfonamides and the sulfonylureas. 

[0017] Examples of imidazolinone hert)icides which are used In the seed soak screening step indude 2-{4Hsopro- 
py1-4-methyl-5-oxo-2Hmidia2olin-2-yl)-nicotinic add, 2-{4-isopropyiH-methyl-5-oxo-2-imidazoIin-2-y1)-3-qulnolinecar- 

5 tx)xytic add. 5-€thy1-2-(4-«sopropyl-4-methyl-5-oxo-2Hmidazolin-2-yl)-nicotinic add, 2-(4-isopropyi-4-methyl-5-oxo-2- 
imidazolin-2-yl)-5-(methoxymethyl)-nlcotinlc add. 5-fbnfnyl-2^4HSopropyMHnethyl-5<)xo-2^mida20lin-2-yi)Hfiicotini 
add. 5-(dimethyl acetal), 3-<4HSOpropyl-4HTiethyl-5-(«<>-2-imidazolin-2-yl>-2-methyl-crotoni add), 2-{4Hsopropyt-4- 
methyl-5-oxo-2Hmlda20lin-2-yl>-5-methy1nicotinlc add. and a mixture of methyl 6-(4Hsopropyl-4-methyl-5-oxo-2Hmida- 
zolin-2-ylHn-toluate and methyl 2-(4Hsopropyl-4-methyl-5-oxo-2Hmldazolin-2-yl)-e-toluate. The use of 5-ethyl-2-(4-iso- 

10 propyl-4-methyl-5-oxo-2-imidazolin-2-yl)-nicotinic add and 2-(4-isopropyl-4-methyl-5-oxo-2Hmldiazolin-2-yi)-nicotinic 
add is preferred. The use of 5-ethyl-2-{4Hsopropyl-4HTiethyl-5K>xo-2Hmida20lin-2-yi)-nicotinic add is particularly pre- 
ferred. 

[0018] Examples of sulfamoylurea herbicides which are used in the seed soak screening step indude 1-(4-meth- 
oxy-6-methyl-s-triazin-2-yl)-3-[(o-propionylphenyl)suIfamoy!]urea, 1-(4,6-dimethoxy-2-pyrimidinyl)-3-I(o-propionylphe- 

15 nyl)sulfamoyl]urea, 1 4(o-acetylphenyt)sulfamoyll-3-(4HTiethoxy-6-methyl-2i)yrimidinyl)Hir^^ and 1 -[(o- 
acetylphenyl)sulfamoyl]-3-(4HnethQxy-^ethyl-s-triazln-2-yl)urea. Examples of sulfbnylcarboxamide herbiddes 
indude 2-acetamido-2.3-dimethyl-N-(p-tolytsulfonyl)butyramide and 2-acetamido-N-[(B-dilorophenyl)suIfonyl]-2,3- 
dimethylbutyramide. An example of a sulfonamide is N-[2,6^ifluorophenyl]-5-methyl-{1,2.4)-triazolo-[1.5a]-pyrimidine- 
2-sulfonamide, Examples of sulfonylureas indude 2-[4.6-bis=(dif1uoromethoxy)pyrimidin-2-ylcarbamoylsulfamoyl]ben- 

20 zoic add, 1-{4.6-dimethoxypyrimidin-2-yl)-3-(dlmethoxycarbamoyl2-pyridylsulfonyl)urea, the methyl ester of o-[[3-(4,6- 
dimethylpyrimidin-2-yl)ureido]sulfonyl]-benzoic add) and the ethyl ester of c>-[[(4-chloro-a-methoxy-2-pyrimidinyI)car- 
bamoyljsulfomoyQbenzoic add). 

[0019] If the seed soak were the only screen to be used, it would be conducted as follows: After drying, the seeds 

are planted and the number of germinating seeds is counted after a predetermined period of time, such as three or four 
25 weeks after planting. The size and appearance of the seedlings is also noted. Seeds which germinate and produce 

seedlings of normal size and appearance may be resistant to AHAS inhibiting imidazolinone herbiddes. 

[0020] However, the seed soak screen may result in the possibility of "escapes" or false positives surviving the her- 

bidde treatment. To eliminate false positives, a pre-emergent herbldde treatment is used as a second screen. 

[0021] After the seed soak step, the wheat seeds are planted in soil. If desired, the soil may be watered. The soil 
30 containing the seeds is then sprayed, prior to the emergence of seedlings from the soil, with an AHAS inhibiting heriai- 

dde in a solution containing water or other acceptable agueous or organic solvents. The concentration of herbldde to 

be sprayed is ascertained for each imidazolinone by small scale trials. 

[0022] In a first embodiment, the AHAS inhibiting herbicide used in the seed spraying step is selected from the 
same dass as that used in the seed soak step. The particular herbidde chosen may be the same or different in the two 
35 screening steps, but in each case, the heriaiddes must be chosen from the same dass of AHAS inhibiting hertaiddes. 
The dasses of herbiddes and examples of each dass used In the seed spraying step are as described previously with 
regard to the seed soak step. 

[0023] The sieeds subjected to the two step screen are then evaluated after emergence of seedlings from the soil. 
Growth which is normal In size, yield and appearance Indicates that the wheat contains a mutation which results in the 

40 desired resistance to AHAS inhibiting herbiddes. 

[0024] Wheat with high levels of tolerance for AHAS inhibiting herbicides is selected via this two step screening pro- 
tocol. This screening system allows the preferential selection of strongly resistant wheat plants by exposing the seed to 
herbidde rates lethal to wild-type wheat plants at two points in the screen, the seed soak treatment and the preemer- 
gent application. This double exposure to herbldde eliminates false positives and may serve to eliminate weakly resist- 

45 ant mutants. The resistant wheat plants are resistant to herbiddes of the class used in the two step screen. The plants 
may be in some instances cross-tolerant to one or more other dasses of AHAS inhibiting herijiddes, but such cross- 
tolerance need not be present. 

[0025] The examples presented below are illustrative of this invention with the Imidazolinone dass of AHAS inhib- 
iting heriDlddes. The other dasses of AHAS inhibiting herbiddes are also within the scope of this invention because 

50 their mechanism of action is the same as that of the imidazolinones. All AHAS inhibiting herbiddes act by the same 
mechanism of action; they target the AHAS enzyme, thereby blocking the biosynthesis of valine, leucine and Isoleudne. 
By blocking this activity of AHAS, the herbiddes Inhibit plant metabolism, leading to the death of the plant. 
[0026] When the two step screening method of this invention is used with the imidazolinone dass of herbiddes, 
wheat selections are obtained which are resistant to the imidazolinone dass of herbiddes. The herbldde-resistant 

55 wheat has an increased tolerance to imidazolinones of up to 50-fold as compared to the non-mutagenized, unselected 
wheat. The imdazolinones have been shown to inhibit the enzyme AHAS, one of the first enzymes in branched chain 
amino add biosynthesis. The wheat selections are assayed by {q vitro enzyme assays (described in the examples 
below) and are shown to have AHAS activity which Is insensitive to inhibition by imidazolinones. However, there is little 
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or no evidence of cross tolerance to other chemistries with a slnnilar mode of action upon AHAS either by whole plant 
or enzyme studies. 

[0027] Out of 1 1 7,000 wheat seeds screened, four wheat plants are selected for their resistance properties. These 
four mutant selections are designated FS1, FS2, FS3 and FS4. Samples of seeds of these wheat plants have been 
5 deposited on March 28. 1991 with the American Type Culture Collection. 12301 Partdawn Drive, Rodcville, MD 20852. 
and have been assigned accession numbers as follows: 




10 


Wheat Mutant 


Accession Number 




FS1 


ATCC 40994 




FS2 


ATCC 40995 


15 


FS3 


ATCC 40996 




FS4 


ATCC 40997 



[0028] Based on genetic data, the selected wheat mutants, FS1 , FS2, FS3, and FS4, are allelic and appear to be 
20 the result of a single mutational event. The tolerance is inherited as a single genetic locus and is dominant or semidom- 
inant in expression. The increase in herbicide tolerance Is shown to have no deleterious effects on grain yield either in 
the presence or absence of the imidazolinone herbicides tested. 

[0029] The inheritance of the mutations in the resistant wheat selections is confirmed by testing several generations 
of progeny of the seeds, as well as intercrosses of the mutant selections. The test seeds are subjected to l>oth pre- 
25 emergence and post-emergence applications of various classes of AHAS inhibiting herbicides. The size, yield and 
appearance of the seedlings are observed and compared to untreated controls (Fidel) and to controls (Fidel) subjected 
to the same two step screening procedure. 

[0030] Results of these tests, as described in the examples, indicate that the mutations conferring resistance to imi- 
dazolinones are inherited from generation to generation of plants derived from the FS1 , FS2, FS3 and FS4 selections. 
30 The specificity of the resistance is demonstrated by the data which indicate that the mutant selections are not resistant 
to other classes of AHAS inhibiting heriaiddes such as sulfonylureas, sulfiamoylureas, sulfonamides or sulfonylcarii>ox- 
amides. 

[0031] In a second embodiment of this invention, two different classes of AHAS inhibiting herbicides are used in the 
two step screening method. In the seed soak step, a herbicide from one class is used. In the spraying step, a herbicide 
35 from a second class is used. The resulting plant selections which survive and grow normally are resistant to both 
classes of herbicides. Although the frequency of mutations conferring resistance which are selected for is greatly 
reduced, because of the different classes of herbicides used, if the number of seeds screened is large enough, double 
resistant selections are obtained. 

[0032] In order that this invention may be better understood, the following examples are set forth. The examples are 
40 for the purpose of illustration only and are not to be construed as limiting the scope of the invention as defined by the 
claims. 

EXAMPLE 1 
45 Development of a Two St ep Seed Screen 

1-Seed Mutagenesis 

[0033] Five thousand seeds of "Fidel", a French winter wheat, are mutagenized following the procedure of Kueh 
50 and Bright (Kueh, J. S. H. and Bright, S. W. J., Planta . 153 . 166-171 (1981). The wheat seeds are soaked in water for 
18 hours at 5^C and then air is bubbled through the seeds for six hours at 20^C. This is followed immediately by treat- 
ment with ImM sodium aside, a chemical mutagen, at pH3 for two hours. The seeds are rinsed with water for 30 min- 
utes and then spread in a shallow layer onto paper towels to dry. Once dry, the seeds are planted In the field. 
[0034] The wheat plants are grown to maturity and the M2 seed is harvested. Approximately 1 17,000 wheat seeds 
55 are harvested and used to screen for imidazolinone-resistant wheat. The germination frequency of this material is 
100%. 
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[0035] Following the protocol developed by Sebastian and Chaleff. wheat seeds are surface disinfested in 70% 
EtOH for 30 seconds followed by disinfestation In 50% solution containing 2.625% sodium hypochlorite, with 1-2 drops 
5 of Tween 20™ (a non-ionic polyethylene sorbitan monolaurate surfactant, available under the registered trademark of 
Atlas Chemical Industries) per 100 ml of solution, for 30 minutes under vacuum with gentle agitation provided by a stir 
plate. The seeds are rinsed in sterile distilled water and then soaked in a herbicide concentration for a set period of time, 
as described below. Sets of twenty-five seeds are placed into 25 ml of the herbicide solution described below in a sterile 
100x1 5 mm plastic petri dish and soaked for the designated time. The seeds are rinsed with water, dried with paper tow- 
to els and planted (25 seeds/flat) approximately 1/2" deep in 6 x 8 inch peat flats containing a moist, sterile, artificial soil, 
Metro Mix 350™ (Grace Company, Cambridge. MA). The treatments are evaluated at four weeks after treatment. The 
herbicides, rates and time periods evaluated are described below: 



1$ 



20 



25 



Experiment 1 : 



ARSENAL™: 
SCEPTER™: 



0.1,10. 50. 100, 500 )xM 
0,1.10, 50.100, 500 pM 



for 48 hours. Each treatment is replicated four times. (ARSENAL™ and SCEPTER™ are registered trademari<s of 
American Cyanamid Company ARSENAL™ is 2-(4-isopropyl-4-methyl-5-oxo-2-imidia20lin-2-yl)-nicotinic add and is 
described In U.S. Patent Number 4,798,619; SCEPTER™ Is 2-(4-isopropyl)-4Hfnethyl-5-oxo-2-imldazolin-2-yl)-3-qui- 
nolinecarboxylic add and is described In U.S. Patent Number 4,798,619.) 



[0036] ARSENAL inhibits seed germination and seedling growth with increasing concentration. While some poten- 
tial false positives are observed visually at concentrations up to 50 nM, higher concentrations totally inhibit seedling 
growth. At these concentrations, 100 and 500 ^iM, some susceptible seeds germinate, but the shoots are small, twisted 
and generally abnormal In appearance. 
30 [0037] While SCEPTER™ also inhibits seedling growth with increasing concentration, by three to four weeks, the 
seedlings recover, as observed visually. In fact, seedlings treated with 1-100 ^ are indistinguishable from controls and 
seedlings treated with 500 ^M are slightly shorter than controls. 



35 



Experiment 2: 


ARSENAL™ 


0, 10,50, 100. 500 ^M 


SCEPTER™ 


0. 100. 250. 500. 750. 1000 ^ 


for 48 hours. Each treatment is replicated two times. 



[0038] ARSENAL™ is retested at the same concentrations as the previous experiment and the same results are 
obtained as described above. In this study the SCEPTER™ concentration is increased to a maximum of 1000 ^iM, By 
45 the end of the study, it is evident from visual observation that this concentration is still not high enough to prevent 
"escapes". The duration of exposure to the hertidde also appears to have an effect on the number of false positives. In 
experiment 1 , the seeds soak for a few hours longer and some root elongation occurs; however, the seeds in this exper- 
iment do not all exhibit radide emergence when the herbidde treatment is terminated. The effect of the duration of the 
seed soak upon the heri^ldde concentration necessary to prevent "escapes' Is investigated in the following experiment 

50 



Experiment 3: 


ARSENAL™ 






0, 50, 75, 100 jiM 


SCEPTER™ 






0, 250. 500. 750, 1000, 1500 jiM 


PURSUIT™ 






0. 250. 500, 750. 1000, 1500 ^M 
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(continued) 



Experiment 3: 



Compound 1: 



0, 500.1000,1500. 2000 )iM 



for 48, 72 or 96 hours. Each treatment is replicated two times. (PURSUIT™ is a registered trademark of American 
Cyanamid Company. PURSUIT™ Is 5-ethyi-2-(4-isopropyl^-methyl-5K)xo-2-imidazolin-2-yl)-nlcotinlc add and Is 
described in U.S. Patent Number 4.798,619. Compound 1 is 2-acetamido-N^(p-chlorophenyl)sulf6nyl]-2,3-dimethyl- 
butyramide. and is described in U.S. Patent Number 4.992,094.) 



10 

[0039] In this study, the imidazolinone herbicides ARSENAL™. SCEPTER™, PURSUIT™, and the sulfbnylcarboxa- 
mide Compound 1 are evaluated as selective agents in the seed soak screen. The interaction of seed soak duration 
with heri^idde concentration Is also evaluated. Figures 1-3 present the results of imidazolinone herbidde treatments. 
When the seeds are soaked for 48 hours, the number of "normal" plants decreases with increasing hertjidde concen- 
ts tration. However, there are normal plants even at the highest herbidde concentrations tested. As the length of exposure 
to herbidde Increases, the herbidde concentration necessary for lethality is reduced. ARSENAL™ at 50 is suffident 
if the exposure Is greater than 72 hours, however 75 is necessary if the length of exposure is less. SCEPTER™ is 
not effective at any of the herbidde/exposure length combinations. In contrast, treatment of the seeds with either 1000 
^iM PURSUIT™ for 72 hours or 750 PURSUIT™ for 96 hours prevents the survival of potential faise positives. Com- 
20 pound 1 does not have an inhibitory effect on either seed germination or seedling growth. 



25 



Experiment 4: 



SCEPTER™ 



0. 500,1000.1500.2000 



for 3. 4, 7 and 10 days. Each treatment is replicated two times. 



30 [0040] The protocol is as described above except that 35 seeds are soaked per petri dish; 25 seeds are still planted 
per flat. This experiment is repeated twice. (Note: The 7 and 10 day plantings become contaminated with fungus In the 
first experiment and are discarded. In the second experiment, the fungicide, Captan. Is added to the soaking solution 

to prevent contamination.) 

[0041] Soaking durations of seven and ten days are too long a period for use with wheat seeds. By this time, shoot 
35 elongation starts to occur in SCEPTER™ at concentrations up to 1000 ^M; fungal contamination also starts to be a 
problem with these time periods. 

[0042] Visual results are similar to those observed for PURSUIT™ in Experiment 3. Either 1000 or 1500 uM 
SCEPTER™ for three days are suitable for selection of imidazolinone resistant mutants with ttie problem of false posi- 
tives minimized. 

40 

3. St^p 2: Pre-em^rgence Herbidde Applicgtipn 

[0043] A series of experiments is performed to determine the appropriate herbidde rate for this pre-emergent spray 
treatment. Wheat seed of the susceptible cultivar Fidel is planted in MeU-o Mix 350™ in 6 x 8 inch peat fiats at a rate of 
45 1 00 seeds per flat. The flats are watered prior to hert>idde treatment. Three flats are sprayed per treatinent. The herbi- 
ddes are applied with a laboratory belt sprayer at a rate of 950 liters per hectare (Uha) at a belt speed of 12.8 sec/rev 
using sprayer nozzle #4001 5E (Teejet™ Spraying Systems). After three to four weeks, tiie treatments are evaluated by 
visual observation for toxidty to tiie wheat seeds/seedlings. PURSUIT™ and SCEPTER™ are most effective at 300-350 
g/ha. while ARSENAL™ Is most effective when sprayed at 40-50 g/ha preemergence. 

50 

4. Screening and Selection of Herbidde Resistant Mutants 

[0044] PURSUIT™ is used as an exemplary imidazolinone for screening for herisicide resistance. M2 wheat seeds 
are surface disinfested in 70% EtOH for 30 seconds followed by disinfeslation in 50% solution containing 2.625% 
55 sodium hypochlorite as described above. The seeds are then rinsed three times witti sterile distilled H2O and placed 
into sterile plastic 100 x 15mm petri dishes. 250 seeds per dish. Twenty-five ml of 1000 mM PURSUIT™ solution is 
added to each dish and the seeds are soaked in ttiis solution in the dark for 3 days. The seeds are then drained, blotted 
dry on paper towels and planted in sterile 6x8 inch peat flats containing MeU-o Mix with 1000 seeds planted/flat. The 
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flats are watered and sprayed Immediately with 300 grams per hectare (g/ha) PURSUIT". The herbicide is applied with 
a laboratory belt sprayer at a rate of 950 L/ha with a belt speed of 12.8 sec/rev using sprayer nozzle #4001 5E. After four 
weeks, the seedlings are evaluated for herbicide tolerance. The M2 wheat seed is screened in lots of 25.000 seeds at 
a time. Out of approximately 117.000 M2 wheat seeds put through the two-step screen for herbicide resistance, four 
5 wheat plants are selected which are resistant to PURSUIT^. 

[0045] These plants are quite striking in their appearance as compared to non-resistant wheat. Two of these mutant 
selections are depicted in Figures 4 and 5. The resistant wheat is in the left-most flat in Figure 4; the resistant wheat is 
in the middle fiat of Figure 5. These four mutant selections are designated FS1, FS2, FS3. and FS4. The resistant 
plants are transplanted into 7.5 inch peat pots in Metro Mix 350™. 

10 

EXAMPLES 2-5 

Characterization of Herbicide Resist ant Mutants 
15 EXAMPLE 2 

Inherit9nce pf Hgrt>icide Restetgnce Trait 
1 . M3 Pignt Screen: In yjvQ 

20 

[0046] M3 plants from the four initial plant selections (labelled FS1, FS2. FS3 and FS4) are screened for PUR- 
SUIT™ resistance. Five M3 seeds from each mature infloresence of these initial M2 mutants are disinfested in 70% 
EtOH for 30 seconds followed by disinfestation in 50% solution containing 2.625% sodium hypochlorite (as described 
above) for 20 minutes under vacuum with gentle agitation provided by a stir plate. The seeds are rinsed two times in 
25 sterile distilled water. 

[0047] Each set of five seeds is then placed into 10 ml of a 1500 uM solution of PURSUIT™ in a sterile 60x15 mm 
plastic petri dish and soaked for three days. The seeds are rinsed with water, dried with paper towels and planted 
approximately 1/2" deep In 6" x 8 inch peat flats containing moist, sterile Metro Mix 350^ . These flats are sprayed 
preemergence with 300g/ha of PURSUIT™. Controls include M3 seeds from each resistant selection which are disin- 

30 tested as previously described, soaked in sterile distilled water for three days and then planted. In addition, unselected 
susceptible Fidel wheat is disinfested as described above and one-half of the seeds treated with PURSUIT™ (seed 
soak and spray procedure) and the other half are soaked in water alone. The herbicide is applied with a laboratory belt 
sprayer at a rate of 950 L/ha with a belt speed of 12.5 sec/rav using sprayer nozzle #4001 5E. 
[0048] Four weeks after receiving the Initial seed soak, the M3 wheat plants are rated according to whether the 

35 plants are herbicide resistant, herbicide damaged or dead. The herisidde resistant plants are transplanted individually 
to 7.5 inch Azalea pots with Metro Mix 350™. A fertilizer. Osmocote™ (Sienra Company. Milpita. CA) is added as a top 
dressing one week after the plants are transplanted. In addition the plants are fertilized regulariy with Peter's 20-20-20™ 
(Grace Company, Cambridge, MA). Individual plants are rated against Fidel untreated controls. 
[0049] Non-mutagenized, non-selected Fidel seed does not survive when treated with PURSUIT™ at 1500 ^M 

40 (seed soak) and 300 g/ha (preemergent application). This same material, when soaked In sterile distilled water and not 
sprayed, germinates within 1-2 weeks with an average germination frequency of 63.3% (average of two sets of con- 
trols). M3 material, when soaked in sterile distilled water and not sprayed, has a germination frequency of 53.3%. Seed 
of the resistant wheat selections, treated with PURSUIT™, gemiinates with the following frequencies: FS1 - 60%. FS2 
- 47.5%. FS3 - 41 .2% and FS4 - 55%. Many of the M3 seedlings exposed to herbicide treatment grow at the same rate 

45 as untreated controls; however, some seedlings which are progeny of FS4 are affected by the herbicide, exhibiting 
symptoms of stunting, twisting and/or chlorotic striping (Figure 6). Most of these are capable of survival and furtiier 
growth. Plant height three weeks after heri^idde treatment is presented in Table 1 . 



50 




55 
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Table 1 



5 


M3 Plant Screen: Results of screening M3 progeny of the four initial wheat selections in the Seed 
Soak/Preemergence Application screen. 




Selection 


No. Heads Tested 


No. of Plants'" 


Ave. Shoot Height (cm) 


Range Shoot Heights (cm) 




FS1 


16 


48/80 


9.1 


2-15 


10 


FS2 


16 


38/80 


11.7 


5-18 


FS3 


17 


35/85 


8.0 


1 - 14.5 




FS4 


17 


44/85 


21.1 


5-28 




Control 1 


_2 


6/15 


19.0 


10-26 


15 


Control 2 


_2 


13/15 


21.2 


8-30 




Control M3 


3 


8/15 


28.9 


27-31 



^ Number of plants raised/number of seeds planted. 
2 Seeds rather than heads are tested in Controls 1 and 2. 
20 Control 1 = Susceptible wheat seed (Fidel) soaked in sterile distilled water. Control 2 = Susceptible wheat seed (Fidel) 

soaked in herbicide solutk>n. Control M3 = M3 seed from the Initial selections soaked in sterile water. 



[0050] Plant heights range from 1 to 28 cm for the mutant selections. This demonstrates the variability in the degree 
25 of herbicide tolerance. Control plants range from 8 to 31 cm in height. All of the plants are transplanted into Metro Mix 
350^ in 7 1/2 inch peat pots and used to make the crosses described In part 4 of this Example 2 (Genetic Condition 
Studies). 

2. M3 Plant Screen : la vitro 

30 

[0051] M3 plants from the four initial plant selections (labelled FS1, FS2, FS3 and FS4) are screened for PUR- 
SUIT^ resistance in vitro. M3 seeds from each mature infloresence of these initial M2 mutants are disinfiested in 70% 
EtOH for 30 seconds followed by dislnfestation in 50% solution containing 2.625% sodium hypochlorite (as described 
above) for 20 minutes under vaccuum with gentle agitation provided by a stir plate. The seeds are soaked in sterile dis- 
35 tilled water in 100x15mm sterile plastic petri dishes for 20-24 hours after which the embryos are excised and cultured 
onto medium containing either 10"^, 10*^, or 10"® M PURSUIT™. Controls include non-mutagenized (Fidel) embryos 
cultured on medium with and without herbicide and M3 material on medium without herit)icide. Embryo ratings are taken 
at either two and one-half or three weeks after culture initiation. 

[0052] None of the embryos (Fidel controls or M3) cultured on medium containing 10"^ M PURSUIT™ germinates, 
40 although some of the M3 embryos exhibit a small amount of primary root elongation (1-5mm). M3 embryos are some- 
what tolerant to PURSUIT™ in the medium at a concentration of 10*® M; however, there is still considerable growth inhi- 
bition. Table 2 presents the embryo ratings, T" (tolerant), "D" (damaged) and "S" (susceptible) for the embryos cultured 
on medium containing 10"® and 10"* M PURSUIT™. 
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Table 2 



M?i Plant Screen: Results of screeninq M3 progeny of the four initial wtieat selections in the In vitro seed screen. 
Embryo Ratings - "T"=Tolerant. "D"=Damaged. and "S"=Susceptible. 


PURSUIT™ Concentration = 10^^ 


Selection 


Embryo Rating 


Ave. Shoot Height (cm) 


Range Shoot Heights 
(cm) 




T 


D 


S 






FS1 


21 


16 


42 




0-1.5 


FS2 


21 


14 


45 




0-3.5 


FS3 


12 


9 


58 




0-4.5 


FS4 


16 


15 


31 




0-3.0 


Control 1 


60 


0 


0 


15.6 


1-28 


Control 2 


0 


0 


30 






Control M3 


27 


1 


1 


14.7 


1 -28 


PURSUIT™ Concentration = 10^ 


Selection 


Embryo 


Rating 


Ave. Shoot Height (cm) 


Range Shoot Heights 
(cm) 




T 


D 


S 






FS1 


70 


0 


0 


9.1 


1-22 


FS2 


64 


1 


0 


11.4 


1 -23 


FS3 


34 


12 


22 


5.2 


1-23 


FS4 


59 


8 


13 


13.4 


1-33 


Control 1 


20 


0 


0 


23.1 


14-32 


Control 2 


0 


0 


15 






Control M3 


15 


0 


0 


14.6 


2-28 


Control 1 = Susceptible wheat seed (Fidel) on medium without herbicide. Control 2 = Susceptible wheat seed (Fidel) 
on medium with herbicide. Control M3 = M3 seed from the initial selections on medium with herbicide. 



40 

[0053] Based on these in vitro data, the mutant selections exhibit between 1 0- and 1 00-fold increased tolerance to 
PURSUIT™. 

3. Segregation Study 

45 

[0054] A study is performed to assay M4 progeny of the Initial mutant wheat selections for imidazolinone resistance 
and homogeneity. M4 seeds, from M3 plants (derived from initial selections, FS1- FS4) which survive the two-step 
screen described previously, are used in this study. In addition, M4 seeds derived from M3 plants of each selection 
which are not screened (designated "stock" plants) are evaluated as well as Fidel controls. Seeds, derived from both 

50 stock and screened M3 plants representing each infloresence of each original wheat selection (FS1-FS4), are planted 
in flats at a rate of twenty-five seeds per row and eight rows per flat. One week after planting, when the seedlings are 
at Z12 (two leaf) stage, the plants are sprayed with 62.5 g/ha PURSUIT™. The heriDicide is applied with a laboratory belt 
sprayer at a rate of 950 ITha with a belt speed of 12.5 sec/rev. using sprayer nozzle #4001 5E at a height 18 inches 
above the plants. Tween 20™ is used as a surfactant at 0.25% v/v. Plants are evaluated three weeks after spraying. 

55 [0055] Fidel is completely susceptible to 62.5 g/ha PURSUIT™ (all of these plants die). The imidazolinone-resistant 
winter wheat selections display excellent tolerance to the postemergent application of PURSUIT™ at 62.5 g/ha in this 
greenhouse evaluation. The progenies derived from selections FS1 , FS2, and FS4 appear homogeneously resistant to 
PURSUIT™, even though a few susceptible plants and progenies with poor germination are observed. These three 
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selections appear to be homozygous for resistance. The progenies from FS3 can be all susceptible, segregating or all 
resistant. Of segregating progenies with good germination, approximately one-fourth of the individuals are susceptible. 
This selection is apparently heterozygous, and requires an additional selfing generation to obtain uniformly 
homozygous material. Seed increase plots for all progenies are planted in the field. Following this greenhouse test, non- 
5 segregating progenies derived from each individual selection are bulked to provide sufficient seed for a field tolerance 
test (Field Trial I, part 1 of Example 4). 

4. Genetic Condition Studies 

10 [0056] In order to determine whether the mutant wheat selections are allelic (and possibly derived from the same 
mutation) or different, the mutants need to be Intercrossed. Also, resistant lines have to be crossed with susceptibles 
(Fidel) to establish the inheritance pattern for the resistance trait. With this is mind, all possible crosses and their redp- 
rocals are made between five parental lines, Fidel. FS1. FS2, FS3 and FS4. The F^ hybrids which result fix)m these 
crosses are checked for resistance, selfed and test-crossed back to the susceptit>le parents in order to produce the nec- 

15 essary progenies to determine inheritance and allelism information for the selections. 

[0057] Experiment 1 : Six flats containing Metro Mix 350™ are planted with F-i hybrids derived firom each of the fol- 
lowing crosses: FS1 x Fidel; FS2 x Fidel; FS3 x Fidel; FS4 x Fidel and Fidel (susceptible, parental cultivar). One week 
later, the flats are sprayed, one flat per herbicide rate, with PURSUIT™ at 50. 100, 150, 200, and 250 g/ha to determine 
the genetic condition of the hertsicide resistant trait in the selections. FS1-FS4. The herbicide is applied with a labora- 

20 tory belt sprayer at a rate of 950 Uha with a belt speed of 12.5 sec/rev using sprayer nozzle #4001 5E. Tween 20™ is 
used as the surfactant at 0.25% v/v in the heri^icide solutions. Plants are rated 10 days after herbicide treatment. 
[0058] The hybrids are stunted but not killed at 250 g/ha PURSUIT™, indicating that even in the heterozygous con- 
dition, these plants express relatively high levels of resistance to the imidazolinones. Fidel is killed at a rate of 150 g/ha 
PURSUIT™ and is severely injured at rates of 50 and 100 g/ha. The hybrids, FS-| x Fidel, FS2 x Fidel, FS3 x Fidel, and 

25 FS4 X Fidel, all express heriaidde resistance in the Fi generation. A segregation ratio of 1 resistant: 1 susceptible would 
suggest a heterozygous condition. However, this is not observed in any of the four selections. Based on these data, the 
gene conferring herbicide resistance in the resistant wheat mutants is dominant and homozygous. 
[0059] Experiment 2: This experiment continues the evaluation of the mutant wheat selections by examining herbi- 
cide resistance in reciprocal crossed and selfed material. Redprocal crosses are made between M3 plants representing 

30 each of the original four mutant selections and between these selections and Fidel. Progeny of these crosses as well 
as selfed progeny of the plants used In the crosses are planted in 6 inch azalea pots in Metro Mix 350™. Ten pots of 
each cross are planted with two seeds planted per pot. Ten days later, all of the selfed and redprocally crossed progeny 
are sprayed postemergence with PURSUIT™ at 200 g/ha. Herbicide treatment is applied as described in Experiment 1 . 
Plants are thinned to one plant per pot (by removing the weaker of the two plants per pot) one week after herbicide treat- 

35 ment. There is 1 00% germination of seed from the mutant redprocal crosses and greater than 90% germination of seed 
from the selfed mutants. None of the mutant crosses Is damaged by the PURSUIT™ challenge. 
[0060] Experiment 3: Testcrosses of the F^ hybrids (described in Experiment 1 ) back to Fidel are sprayed with 200 
g/ha of PURSUIT™. The following testcrosses are planted in 6 inch azalea pots in Metro Mix 350™. The number of pots 
planted per cross Is Indicated by the number after the cross: 

40 



45 



50 



55 
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Fidel x(Fidel/FS1) 


12 


Fidel X (Fidel/FS2) 


21 


Fidel X (Fidel/FS3) 


9 


Fidel X (Fidel/FS4) 


8 


Fidel* 


20 


(• There are two plant 
Ings of Fidel of twenty 
pots each.) Approxi- 





mately one month later, 
the plants are sprayed 
(except for Rdel). PUR- 
SUIT™ (200gma)is 
applied as previously 
described. The plants 
are rated three and one- 
half weeks later. 



[0061] Out of 49 test-cross progeny sprayed, 29 survive and 20 are killed. The 29:20 segregation approximates the 
1:1 segregation expected if a single dominant (or semidominant) gene controls the inheritance. However, the putative 
25 heterozygotes In this study are damaged considerably more than plants sprayed with the same rate of herbicide in a 
previous study. It is unclear whether treatment at a later growth stage causes the increased damage to the heterozy- 
gotes, or whether other factors are involved. 

[0062] Experiment 4: The resistant wheat selections, FS1-FS4, are crossed to Fidel and the F-| seed from these 
crosses Is selfed. The crosses are as follows: 

30 

(Fidel xFSI) selfed 
(Fidel x FS2) selfed 
(Fidel X FS3) selfed 
(Fidel X FS4) selfed 

35 

[0063] The F2 progeny from these crosses and their susceptible progenitor variety Fidel are planted in flats. Five F2 
progenies are used for each of the four crosses. One fiat is planted of each progeny for each cross. The flats consist of 
six rows per flat with 25 seeds per row. The flats are sprayed postemergence with 200 g/ha PURSUIT^ eleven days 
later. The PURSUIT^" is applied as previously described. 
40 [0064] This rate of PURSUIT™ is determined to be lethal to susceptible wheat, yet non-lethal to plants hetero- 
zygous or homozygous for resistance. Segregation for herbicide resistance In this progeny confirm that the resistance 
trait for each of the four selections (FS1-FS4) is inherited as a single dominant or semi-dominant trait. F2 progenies of 
each of the four crosses give dean ratios of 3 (resistant): 1 (susceptible) when sprayed postemergence with 200 g/ha 
PURSUIT™. 

45 [0065] Experiment 5: Crosses and reciprocal crosses are made between the four mutant wheat selections. The F-| 
seed from these crosses is planted and the plants allowed to self. The F2 seed is harvested and used in this experiment 
to determine allelism of the four selections. Whole-flats are filled with Metro Mix 350™ and are sown with 100 seeds per 
cross (four rows with 25 seeds/row). In addition a row of susceptible Fidel Is sown in each flat Three sources from each 
cross are used. When the seedlings reach the 212 stage, the flats are sprayed with PURSUIT™ at 200 g/ha. The PUR- 

50 SUIT™ solution is applied as previously described. Four weeks after treatment the number of resistant versus the 
number of susceptible plants is determined. 

[0066] Allelism studies between the four resistant wheat selections demonstrate that ail the selections are allelic or 
very tightly linked. Few or no susceptible segregants are observed in the F2 generation of intercross hybrids between 
the selections. In the event that the genes are nonallelic and unlinked, the F2 progenies are expected to segregate in a 
55 1 5 (resistant) : 1 (susceptible) ratio. Table 3 presents the results of these genetic condition studies. 
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Table 3 



Genetic Condition Studies: Number of Plants which are resistant/susceptible to 
200 g/ha PURSUIT™. Data taken three weeks atter treatment. 





Source 


Resist 


Suscept 


Source 


Resist 


Suscept 




{FS1/FS2p(-1 


71 


1 


(FS2/FS1)X-1 


95 


0 


10 


(FS1/FS2p(-2 


85 


2 


(FS2/FS1)X-2 


91 


0 




(FS1/FS2)X-3 


74 


1 


(FS2/FS1)X-3 


97 


0 




Total 


230 


4 


Total 


283 


0 




(FS1/FS3)X-1 


82 


0 


(FS3/FS1)X-2 


95 


0 


15 


(FS1/FS3)X-2 


92 


0 


(FS3/FS1)X-3 


97 


0 




(FS1/FS3)X-3 


93 


0 


(FS3/FS1)X-5 


94 


1 




Total 


267 


0 


Total 


286 


1 


20 


(FS1/FS4)X-1 


96 


0 


(FS4/FS1)X-1 


93 


1 




(FS1/FS4p(-2 


90 


0 


(FS4/FS1)X-2 


91 


0 




(FS1/FS4)X-3 


93 


2 


(FS4/FS1)X-3 


94 


1 




Total 


279 


2 


Total 


278 


2 


25 


(FS2/FS3)X-1 


99 


0 


(FS3/FS2)X-1 


96 


0 




(FS2/FS3)X-2 


87 


1 


{FS3/FS2)X-2 


94 


0 




(FS2/FS3)X-3 


92 


0 


(FS3/FS2)X-3 


96 


0 


30 


Total 


278 


1 


Total 


286 


0 




(FS2/FS4)X-1 


102 


0 


(FS4/FS2)X-1 


94 


0 




(FS2/FS4)X-2 


97 


0 


(FS4/FS2)X-2 


95 


1 




(FS2/FS4p(-3 


97 


1 


(FS4/FS2)X-3 


95 


0 


35 


Total 


296 


1 


Total 


284 


1 




(FS3/FS4)X-1 


98 


0 


(FS4/FS3)X-1 


96 


0 




(FS3/FS4)X-2 


96 


0 


(FS4/FS3)X-2 


100 


0 


40 


(FS3/FS4)X-3 


96 


0 


(FS4/FS3)X-3 


94 


0 




Total 


290 


0 


Total 


290 


0 



[0067] In no case does the number of susceptible segregants approach 1/1 6th of the total (Table 3). Also, no mater- 
45 nal effects on inheritance are observed. These data support the likelihood that alt four selections are derived from the 
same mutational event or are very tightly linked. 

10068] Experiment 6: Seeds from selfed progeny from the second backcross of the resistant mutants to Fidel (sus- 
ceptible progenitor cultivar) are planted in standard flats filled with IVIetro Mix 350^. Thirty seeds are planted per source. 
Seven to ten days after planting, these flats are sprayed with 200 g/ha PURSUIT™ applied as previously described. 
50 Three weeks after treatment, the plants are evaluated for segregation of the resistance trait As expected, some prog- 
eny are completely resistant, some progeny are segregating for resistance, i.e., some progeny are resistant and some 
progeny are susceptible, while other progeny are completely susceptible to herbicide. Homozygous resistant plants are 
selected and used to increase seed quantities (in the nursery) for the improved resistant cultivar. 
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EXAMPI.e3 

Herbicide Resistan ce Studies 
5 1. Level and Spectrum of Herfatdde Resistance 

[0069] This greenhouse test examines the level and spectrum of herbicide resistance of the mutant selections at 
the whole plant level. Four imidazolinones (PURSUIT™. SCEPTER™, ARSENAL™ and Compound 2 and one sulfony- 
lurea (OUST™, a registered trademark of E.I. du Pont de Nemours and Company, which is the methyl ester of o-[[3-(4,6- 

10 dimethytpyrimidin-2-yl)ureido]sulfbnyl]-ben20ic add) are tested. Compound 2 is a potential short residual imidazolinone 
and is 2K4HSopropyl-4HTiethyl-5K)xo-2-lmidazolin-2-yl-5Kmethoxymethyl)H^ add. Growth rates, as determined 
by plant height, of treated plants are compared to untreated controls. M4 seed, derived from M3 plants screened for her- 
bidde resistance using the two-step screen (seed soak and spray) and unscreened M3 stock plants, are bulked after 
they are shown to be non-segregating (see Segregation Study). These lines are bulked according to their parental lines: 

15 FS1, FS2, FS3 and FS4. Fidel (wild-type) is used is a control and for performance comparison purposes. Five seeds 
from each of these lines (induding Fidel) are planted per pot in six inch Azalea pots and are later thinned to three plants 
per pot Three replicates are used per treatment (chemical and rate) for each line, and six replicates per wheat line are 
used as untreated controls. Plants are sprayed postemergence. 10 days after planting, with the following herbiddes and 
rates: 

20 



25 



30 



35 



40 



45 



Imidazolinones: 


PURSUIT™ 

scepter™ 

ARSENAL™* 
Compound 2 


20, 40, 80. 160, 320 g/ha 
40, 80, 160, 320, 640 g/ha 
3. 6.12. 24. 48 g/ha 
20. 40. 80.160. 320 g/ha 


Sulfonylurea: 


OUST™ 


5, 10, 20. 40. 80 g/ha 



(*Note: Plants sprayed with ARSENAL™ are 
planted three days prior to the plants in the 
other treatments; however, measurements 
are taken with the other treatments. In addi- 
tion, although there are three replicates per 
ARSENAL™ rate evaluated, there are only 
two plants per pot rather than three.) Tween 
20™ Is added at 0.25% v/v to the herbidde 
solutions prior to spraying. The herbiddes 
are applied with a laboratory belt sprayer at a 
rate of 400 Uha at a distance 45.7 cm (18 
inches) above the wheat plants with a belt 
speed of 8.2 sec^rev and sprayer nozzle 
#6501 5E. Plant height Is measured immedi- 
ately prior to spraying and at one week inter- 
vals for four weeks. 



50 [0070] The four selections are similar in both their spectrum and level of resistance. FS3 is slightly less resistant 
than the other three selections. Since FS3 is selected as a heterozygote, heterozygous or susceptible individuals may 
be inadvertently induded during bulking of the seed to conduct these experiments. Based on plant growth four weeks 
after treatment, the mutant wheat is resistant to more than 320 g/ha PURSUIT™, more than 640 g/ha SCEPTER™, 
more than 48 g/ha ARSENAL™ , more than 80 g/ha Compound 2, and more than 5 g/ha OUST™. These numbers trans- 

55 late approximately to an 8-fold increased tolerance to PURSUIT™, more than a 16-fold inceased tolerance to 
SCEPTER™ and ARSENAL™, a 16-fold increase in tolerance to Compound 2. and a 2-fold increase tolerance to 
OUSP»«. Figures 7-1 Oa demonstrate this tolerance for one of the mutant wheat selections (FS1) to ARSENAL™, 
OUST™. PURSUIT™, SCEPTER™, and Compound 2, respectively 



15 




EP 0 508 161 B1 



2. Preemeroence Herfaidde Tolerance 

[0071] In this study the imidazolinones, SCEPTERS, PURSUIT^, ARSENAL™, and Compound 2. and the sulfony- 
lurea. OUST~. are applied pre-emergence (rather than postemergence as described in part 1 of this Example 3) to the 
5 wheat variety Fidel and the resistant selections FS2 and FS4 to evaluate herbicide tolerance. 

[0072] M4 seed of two of the mutant selections, FS2 and FS4. and seed of the susceptible variety Rdel is used in 
this experiment. Five seeds from each wheat line are planted per pot In Sassafras (sandy loam) soil in six inch Azalea 
pots. Four replicates are used per treatment (chemical & rate) for each line, and six replicates per wheat line are used 
as untreated controls. The day after the seeds are planted, the pots are sprayed with the following herislddes and rates: 

10 



PURSUIT^*- 


40. 80,160. 320. 640 g/ha 


SCEPTER™ 


40. 80, 160. 320. 640 g/ha 


ARSENAL™ 


2.5. 5.10, 20, 40 g/ha 


Compound 2 


5.10. 20. 40, 80 Qiha 


OUST^" 


5, 10, 20, 40. 80 g/ha 



[0073] The herbicides are applied as described above (Level and Spectrum of Herbicide Resistance). The pots are 
watered after spraying. Plant heights are measured at four weeks after treatment. 

[0074] Based on plant growth after four weeks, the selections FS2 and FS4 have an approximately 8-fold increased 
25 tolerance to ARSENAL™ and PURSUIT™ (Figures 12 and 13, respectively), an 8- to 16-fold increased tolerance for 
Compound 2 (Figure 14) and SCEPTER™ (Figure 1 1 ). The increase in tolerance to OUST™ appears to be 2- to 4-fold, 
Similar results are observed for root and shoot fresh weight data measured seven weeks after treatment. 

3. Pbstemerqence Herbicide Tolerance 

30 

[0075] In this second greenhouse test, the upper limits of the mutant selections' resistance to postemergent appli- 
cations of PURSUIT™ and Compound 2 are examined. M4 seed of two of the mutant selections, FS2 and FS4. and 
seed of Fidel are used in this experiment. Five seeds from each line are planted per pot in sterile Metro Mix 350™ in six 
inch Azalea pots. Immediately prior to heri^icide treatment, these plants are thinned to three plants per pot Three rep- 
35 licates are used per treatment (chemical & rate) for each line, and six replicates per wheat line are used as unfreated 
confrols. The plants are sprayed postemergence, 10 days after planting, with the following herbicides and rates (g/ha): 



40 


PURSUIT™: 


10, 25. 50, 100, 250. 500. 1000. 2500 




Compound 2: 


2,5, 5, 10. 25. 50. 100. 250, 500 



[0076] The hert)icides are applied as previously described. Plant height is measured immediately prior to spraying. 
45 Plant heights are also measured at two and four weeks after freatment. and shoot fresh weights measured at seven 
weeks after fa-eatment. 

[0077] The selections exhibit initial stunting symptoms at two weeks after freatment for all freatment combinations 
when compared to unfreated confrols (Figures 15 and 17). However, by four weeks after freatment, ttie FS2 and FS4 
plant heights equal tine unfreated confrols at rates up to 500-1000 g/ha PURSUIT™ (Figure 16) and 25-50 g/ha Com- 
50 pound 2 (Figure 18). The selections display a 40- to 100-fold increased tolerance to PURSUIT™ and Compound 2 
applied postemergence in this test as compared to Fidel (unselected). Shoot fresh weight data taken seven weeks after 
treatment indicates that FS2 and FS4, at ttiese same herbicide rates, have fresh weights equalling 90-100% of the 
unfreated confrol fresh weights (Figures 19 and 20). 

S5 4. Sulfeimovlurea Tolerance Premergence 

[0078] Two experiments are conducted to determine whettier tiie imidazolinone resistant wheat selections express 
resistance to sulfamoylurea herbicides. Resistance to four sulfamoyiurea heriaiddes (described below) and one sulfo- 
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nylurea herbicide (OUSP*') is tested In postemergence and preemergence tests. 

10079] In a first experiment, the mutant wheat selection. FS2, from bulked M3 - M4 seed and Fidel seed, is planted 
in six inch Azalea pots in Sassafras (sandy loam) soil. Three seeds are planted per pot initially; these are subsequently 
thinned to two plants. There are three replicates of each treatment. In addition, the untreated controls consist of 15 rep- 
5 licates each of Fidel and FS2. Plants are sprayed preemergence with the following herbicides and rates: 



Sulfiamoylureas: 


Compound 3: 
Compound 4: 
Compound 5: 
Compound 6: 


12.5. 25. 50,100, 200 gAia 
62.5. 125. 250. 500, 1000 g/ha 
12,5. 25, 50. 100, 200 g/ha 
12.5. 25. 50. 100. 200 g/ha 



[0080] Compound 3 is 1-(4-methoxy-6-methyl-s-triazin-2-yl)-3-[(o-propionylphenyl)sulfamoyl]urea, Compound 4 is 
1-(4,6<limethoxy-2i3yrimidiny1)-3-[(o-propionyiphenyl)sulfamoyl]urea. Compound 5 is 1-[(o-acetylphenyl)sulfamoyl]-3- 
20 (4-methoxy-6-methyt-2-pyrimidinyl)urea. and Compound 6 is 1 -[(o-acetylphenyl)sulfiamoyl]-3-(4-methoxy-6-methyl-s-tri* 
azin-2-yl)urea. All four compounds are disclosed in U.S. Patent Number 4,622.065. 



25 


Sulfonylurea: 




OUST™: 


1.56. 3.125, 6.25, 12.5. 25 g/ha 



[0081] The herbicides are applied as previously described. 
30 [0082] The pre-emergence study has very poor emergence, and again, no differences are observed visually 
between Fidel and the resistant selection. 

5. Sulfamoviurea To lerance Postemeroence 

35 [0083] In a second experiment, the mutant wheat selection. FS2. from bulked M3 - M4 seed, and Fidel seed are 
planted in 6" Azalea pots In sterile Metro Mix 350™. Three seeds are planted per pot initially; these are subsequently 
thinned to two plants. There are three replicates of each treatment. In addition, the untreated controls consist of 15 rep- 
licates each of Fidel and FS2. Plants are sprayed postemergence. 12 days after planting, with the following heri^iddes 
and rates: 

40 



Sulfamoylureas: 


Compound 3: 
Compound 4: 
Compound 5: 
Compound 6: 


12.5, 25, 50. 100, 200 gAia 
62.5. 125, 250. 500. 1000 g/ha 
12.5. 25.50.100. 200 gAia 
12.5. 25. 50, 100. 200 gAia 


Sulfonylurea: 


OUST™: 


6.25.12.5. 25. 50. 100 g/ha 



55 [0084] The herbicides are applied as previously described. 

[0085] Resistant and susceptible wheat are treated with rates of the herbicides expected to cause severe damage 
or lethality to the susceptible wheat. Unfortunately, the susceptible wheat cultivar (Fidel) is not affected (as observed 
visually) even by the highest rates used for the sul^moylurea herbicides tested in the postemergence test. Either Fidel 
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wheat is relatively tolerant to the sutfiamoylurea herbicides, the rates are not high enough to cause damage, or the her- 
bicide does not damage the wheat for some other reason (formulation, environmental influence, etc.). The resistant 
wheat exhibit 2-4 fold increased tolerance to OUST™ in this study: these results are similar to results from previous 
experiments. 

5 

6. fid3-M4 Wheat Herbicide Resistance Spectrum 

[0086] !n this experiment, the tolerance of imidazolinone-resistant wheat to three sulfonylurea herbicides (BEA- 
COhT", CLASSIC™ and OUST™ (BEACON™ is a registered trademark of Ciba-Geigy and is 2-(4.6-bis=(difluorometh- 

10 oxy)-pyrimidin-2-ylcarbamoylsullamoyl]benzoic acid; CLASSIC™ is a registered trademark of E.I. du Pont de Nemours 
and Company and Is the ethyl ester of o-n(4-chloro-6-methoxy-2-pyrimidinyl)-carbamoyl]-sulfamoyl]-ben2oic add), a 
sulfamoylurea herbidde (Compound 3), a sulfonylcarboxamide (Compound 1 ), and an imidazolinone herbidde (Com- 
pound 7, which is 3-(4-isopropyi-4-methyl-5-oxo-2-imidazolin-2-yl)-2-methyf-crotonic add), is examined to look for 
cross-tolerance to AHAS-inhibiting herbiddes other than the imidazolinones. The mutant wheat selection, FS2, from 

15 bulked M3 - M4 seed, and Fidel seed are planted in 5" Azalea pots in sterile Metro Mix 350™. Three seeds are planted 
per pot initially; these are subsequently thinned to two plants. Each treatment consists of three replicates. In addition, 
there are six replicates each of FS2 and Fidel which are used as untreated controls. Plants are sprayed postemer- 
gence. 7 days after planting, with the following heriaiddes and rates: 

20 



Sulfonylureas: 


BEACON™: 
CLASSIC™: 
OUST™: 


15.6, 31.3. 62.5, 125, 250 g/ha 
31.3. 62.5, 125, 250. 500 g/ha 
6.25,12.5, 25. 50, 100 g/ha 


Sulfomoylurea: 


Compound 3: 


125, 250, 500, 1000. 2000 g/ha 


Sulfonylcartx)xamide: 


Compound 1: 


250, 500. 1000, 2000. 4000 g/ha 


Imidazolinone: 


Compound 7: 


187.5. 375, 750 gflia 



[0087] The herbiddes are applied as previously described. Plants are rated at two, three and four weeks after treat- 
ment with herbicide. 

40 [0088] Cross-resistance to the sulfonylureas (Figures 21 , 22 and 24), the sulfamoylurea (Figure 23) or the sulfonyl- 
carboxamide (Rgure 25) is 0-2 fold, similar to that observed in eariler studies with OUST™. The resistance to the imi- 
dazolinone Compound 7 is similar to that observed previously for PURSUIT™ or ARSENAL™ (greater than 10 fold) 
(Figure 26). No appreciable increases in resistance to non-imidazolinone herbicides are observed. 

45 EXAMPLE 4 
Field trials 
1. Field Trial! 

50 

[0089] A field study Is conducted to evaluate the tolerance of the Imidazolinone-resistant wheat selections. FS1- 
FS4, to postemergent applications of imidazolinone herbiddes. The variety Fidel, from which these selections are 
derived, is induded as a susceptible check. Because Fidel is a French winter wheat variety and unadapted to New Jer- 
sey, this test is intended to evaluate the relative effects of the hertjicide treatments on grain yields rather than to meas- 
55 ure actual yield potentials for the genotypes. Thus, yields are presented as grams/plot rather than bushels/acre or 
metric tons/ha. 

[0090] M4 bulked seed from parental lines. FS1, FS2. FS3 and FS4 and Fidel wild-type, is used in this field trial. 
The trial is planted in an Incomplete split plot design with the main plot as hertjidde-rate combination and the split plot 
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as genotypes. There are three replicates for each treatment (chemical and rate), however replicates #2 and #3 do not 
Include the mutant wheat selection FS3 due to lack of sufficient bulked seed. The plots are three meters long and 1.5 
meters wide (7 rows with 17.8 cm (7 Inch) spacing between rows) with approximately 25 seed planted per row. There 
is a one meter space between wheat lines and ten meters between replicates. 
5 [0091] The treatments include the following: 



Untreated Controls 


PURSUIT™: 
Compound 2: 
Compound 8: 


100 and 200 g/ha 
50 and 100 g/ha 
100 and 200 g/ha 



15 

[0092] Compound 8 is 5-formyl-2-(4-isopropy1-4-methyl-5-oxo-2-lmidazolin-2-yl)-nicotinic acid. 5-(dimethyl acetal). 
and is described in published European Patent /Application Number 322,616. 

[0093] Treatments are applied at a rate of 400 ITha with a tractor mounted sprayer, Tween 20^ is used as a sur- 
factant at 0.25% v/v. Wheat is treated at the Z22 stage or approximately 15.2 cm (6 inches) tall. Plant height and dam- 

20 age ratings are taken at 3 and 6 weeks after treatment, rields are taken 10 weeks after treatment. 

[0094] Three weeks after treatment, the resistant wheat selections appear to be unaffiected by these herbicide 
treatments as measured by plant height (Figure 27). No obvious visible effects of the herbicide treatments on the resist- 
ant selections are observed. These selections when untreated are slightly shorter than untreated Fidel. The susceptible 
cultivar (Fidel) is severely stunted by these same treatments. 

25 [0095] The plant heights of the resistant wheat selections are still unaffected by herbicide treatment at six weeks 
after treatment (Figure 28). Fidel Is severely stunted or killed by the herbicide treatments while the resistant selections 
are apparently unaffected by the treatments. The final plant heights of the untreated selections are nearly equal to the 
height of untreated Fidel, even though at three weeks after treatment, the untreated selections are shorter than 
untreated Fidel. The resistant wheat selections appear to grow at a somewhat slower rate than unsprayed Fidel, pre- 

30 sumably due to deleterious recessive mutations. These recessive mutations are removed by backcrossing using tech- 
niques available to those skilled in the art. 

[0096] FS1, FS2, and FS4 exhibit no yield reductions following postemergent treatment with any of the hertDicide 
treatments. In contrast, Fidel has a 35% yield reduction when treated with PURSUIT™ at 100 g/ha and a greater than 
75% yield reduction with the other heri^idde treatments. The untreated Fidel yields significantly more than FS1 or FS4 

35 (133 g/plot versus 40 g/plot and 76 g/plot. respectively). The mean yield for FS2 (98 g/plot) is also less than unsprayed 
Fidel, but not significantly less at ten weeks after treatment (Figure 29). The lower yields of the selections are not unex- 
pected; the mutants exhibit less vigor and weaker stand establishment than Fidel, presumably due to the presence of 
deleterious genes caused by the mutagenesis procedure but unrelated to the imidazolinone resistance trait. It is some- 
what surprising that FS1 , FS2, and FS4 display such wide differences in yield considering that all three are very likely 

40 derived from the same mutational event. The selections appear to be fully resistant to the herbicide treatments tested 
with respect to both plant height and grain yield. 

2. Field Trial li 

45 [0097] A second field study is planted to evaluate the tolerance of the imidazolinone resistant wheat selections, 
FS4, to postemergent applications of the Imidazolinone herbicides PURSUIT™, CADRE™. Compound 2, and Com- 
pound 8. and the sulfonylurea herbicide, ACCENT™. CADRE™ is a registered trademark of /^erican Cyanamid Com- 
pany. CADRE™ is 2-{4-isopropyl-4-methyl-5-oxo-2-imidazolin-2-yl)-5-methylnicotinic acid and is described in U.S. 
Patent Number 4,798,619. ACCENT™ is a registered trademark of E.I, du Pont de Nemours and Company and is 1- 

50 {4.6-dimethoxypyrimidin-2-yl)-3-(3-dimethylcart>amoyl-2-pyridylsulfonyl)urea. The variety Fidel is included as a suscep- 
tible check. 

[0098] M5 seeds from the highest yielding FS4 lines in the Field Trial I nursery are bulked and used in this field trial 
along with seed from Fidel. The trial is planted in an incomplete split plot design with the main plot representing hertDi- 
cide treatment and the split plot representing genotypes. There are eleven treatments with three replicates for each 
55 treatment (chemical and rate). The plots are three meters long and 1 .6 meters wide (7 rows with 17.8 cm (7 inch) spac- 
ing between rows) with a seeding density of approximately 100 seeds/m^. There is a 0.5 meter space between wheat 
lines and three meters between replicates. 
[0099] The treatments include the following: 
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Untreated Controls 
[0100] 

5 



Imidazolinones: 


PURSUIT™: 


100 and 200 g/ha 


Compound 2: 


50 and 100 g/ha 


Compound 8: 


100 and 200 g/ha 


CADRE™: 


50 and 100 g/ha 


Sulfonylurea: 


ACCENT™: 


20 and 40 g/ha 



[0101] Treatments are applied at a rate of 200 L/ha with a liackpack sprayer. X-77™, a non-ionic surfactant (Balent 
20 Corporation), is used as the wett'ng agent at 0.25% v/v. Wheat is treated at the Z27-Z28 stage when the plants are 
approximately 30-35 cm tall. Plant height and damage ratings are taken at 1 . 2. 3 and 6 weeks after treatment. Yields 
are taken 10 weeks after treatment 

[0102] After three weeks, Fidel growth is severely inhibited by all herbicide treatments. The resistant selection FS4 
exhibits tolerance to all the imidazolinones tested; however, no cross resistance to the sulfonylurea herbicide 

25 (ACCENT™) is observed. Figure 30 shows measurements taken at six weeks after treatment, indicating that there is no 
effect of postemergent treatment with PURSUIT™, CADRE™, Compound 2,or Compound 8 on final plant height. The 
resistant wheat has little or no tolerance to ACCENT™. The comparable susceptible variety is severely stunted or killed 
at these herbicide rates. Grain yields presented as the means across three replications are presented in Figure 31. 
Grain yield of the resistant wheat selection FS4 Is not reduced by any of the Imldazolinone treatments. Yields of Fidel 

30 are severely reduced or eliminated by treatment with imldazolinone herbicides. Both the resistant and susceptible Fidel 
give little or no grain yield following treatment with ACCENT™. The effects on grain yield resulting from treatment of 
Fidel with imidazolinones are even more severe than the reductions in plant height described above. 
[0103] The resistant wheat used to plant this field trial is obtained by bulking several seed increase plots harvested 
in Field Trial I. Each increase plot is derived from a single plant Even though no backcrossing to Fidel is done with this 

35 material, seed sources with poor germination and agronomic performance are able to be eliminated. As a result, grain 
yields of the resistant selections are much improved as compared to those measured in Field Trial I. The yields obtained 
for resistant wheat in untreated control plots are equal to those obtained for susceptible Fidel in untreated plots. This 
indicates that the inclusion of a gene for imidazolinone-resistance has no inherent effect on grain yield. 

40 EXAMPLE 5 
Enzvme Studies 
1. Initial Assay (M3 Plants) 

45 

[0104] Herbicide Application: M3 plants from the four initial mutant plants (FS1 . FS2. FS3 and FS4), are tested for 
metabolic AHAS (acetohydroxyadd synthase) activity. Plants exhibiting resistance after the first seed soak and spray 
screen with PURSUIT™ are transfen^d ft-om flats to individual pots. When these plants are three weeks old, two plants 
of each mutant selection, FS1 -FS4, receive a second application of PURSUIT™ at 62.5 g/ha while two of each selection 
50 are left unsprayed. Sprayed and unsprayed susceptible Fidel plants are also included in this experiment. Approximately 
half the foliage above the soil line of each plant is removed and assayed two days after the herbicide application for inhi- 
bition of /VHAS by valine and leucine (as a control), SCEPTER™, PURSUIT™. OUST™, and a sulfonylcartwxamide her- 
bicide, Compound 9. Compound 9 is 2-acetamido-2,3-dimethyl-N-(i2-tolylsuIfonyl)butyramide. and is described in U.S. 
Patent Number 4,883,914. 

55 [0105] In unsprayed plants, weak resistance to PURSUIT™ is seen in the resistant wheat lines. However, a dra- 
matic Increase in the AHAS resistance to PURSUIT™ is seen in the sprayed FS1-FS4 plants as compared to the 
sprayed wild type. Figures 32-35 demonstrate these results for one of the four resistant selections (FS1) and for wild- 
type (susceptible) Fidel plants. Therefore, resistance of FS1 - FS4 to PURSUIT™ appears to be due to the presence of 
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an altered AHAS which is resistant to inhibition by PURSUIT™. 

[0106] Enzyme Extraction: For the extraction of AHAS, 10 grams of tissue are powdered in liquid nitrogen and then 
homogenized in 100 mM potassium phosphate buffer (pH 7.5) containing 10 mM pyruvate, 5 mM MgCl2, 5 \lM EDTA. 
100 jiM FAD, 1 mM valine, 1 mM leucine, 10% glycerol, and 10 mM cysteine. The homogenate is filtered through a 

5 nylon doth (53 nm mesh) and centrifuged at 25.000g for 20 minutes. The supernatant fraction is brought to 50% satu- 
ration with respect to (NH4)2S04 and allowed to stand for 20-30 minutes on ice. It is then centrifuged at 25,000g for 20 
minutes and the supematant is discarded. The ammonium sulfate pellet is dissolved in 50 mM potassium phosphate 
buffer (pH 7.5) containing 1 mM EDTA and 100 mM NaCI and used for the assay procedures. 
[0107] AHAS Assay: AHAS activity is measured by estimation of the product, acetolactate, after conversion by 

10 decarboxylation in the presence of acid to acetoin. Standard reaction mixtures contain the enzyme in 50 mM potassium 
phosphate buffer (pH 7.0) containing 100 mM sodium pyruvate, 10 mM MgCl2, 1 mM thiamine pyrophosphate, and 10 
uM FAD. This mixture is incubated at 37^C for one hour after which time the reaction is stopped with the addition of 
H2SO4 to make a final concentration of 0.85% H2SO4 in the tube. The reaction product is allowed to decarboxylate at 
60°C for 15 minutes. The acetoin formed is determined by incubating with creatine (0.17%) and 1-napthol (1.7% in 4N 

15 NaOH) by the method of Westerfield (Westerfield, W. W., J. Biol. Chem.. 161 . 495-502 (1945)). Maximum color is 
observed by incubation at 60**C for 15 minutes and then further incubation at room temperature for 15 minutes. The 
absorption of color complex is measured at 520 nm. Appropriate checks of direct acetoin formation during the enzyme 
assay are made. Each assay is run at least in duplicate and the experiments are repeated a minimum of two times. 

20 2. Enzvme Assay I (M^ Plants) 

[0108] Herijicide Application: Two flats are planted with approximately 100 seeds of each wheat selection (FS1, 
FS2, and FS4) and Fidel in sterile Metro Mix 350. Ten days later, each fiat is sprayed postemergence with 62.5 g/ha of 
PURSUIT™. The spray delivery rate is 400 LTha with a belt speed of 8.2 sec/rev using nozzle #6501 5E. Tween 20™ Is 
25 used as a surfactant at 0.25% v/v. The plants are harvested three days later and assayed for AHAS activity. 
[0109] Enzyme Extraction and AHAS Assay: As previously described. 

3. Enzvme Assay II (M>| Plants) 

30 [0110] Herbicide Application: As described above (Enzyme Assay I) except that the spray delivery rate is 950 1/ha 
with a belt speed of 12.8 sec/rev using nozzle #40015E. 
[01 1 1] Enzyme Extraction and AHAS Assay: As previously described. 

[0112] The results from these two sets of experiments are very similar. AHAS activity from all four homozygous 
resistant mutant lines obtained from unsprayed plants shows moderate levels of resistance to PURSUIT™ as compared 

35 to the enzyme from the wild type control plants (Fidel). However, a significantly higher level of resistance to PURSUIT™ 
is observed in the enzyme from selections which are sprayed as compared to the enzyme from the sprayed Fidel plants 
(Figures 36-39). Some resistance to SCEPTER™ and OUST™ is also observed, but the level of resistance is lower than 
that for PURSUIT™, The spectrum and level of resistance to various hertjicides is very similar in all the mutants which 
suggests that all four mutants may be the result of a single mutational event. This conclusion is confirmed by genetic 

40 approaches described above. 

Claims 

1. A method of screening for the selection of mutations which confer acetohydroxyacid synthase inhibiting heriDicide 
45 resistance to wheat which comprises mutagenizing wheat seeds with a chemical mutagen selected from the group 

consisting of sodium aside, N-methyl-N-nitrosourea, N-ethyl-N-nitrosourea. ethyl methanesulfonate, hydroxylamine 
and hydrazine, soaking the mutagenized seeds in an acetohydroxyacid synthase inhibiting herijicide-containing 
solution containing a particular dass of acetohydroxyacid synthase inhibiting herbicide, planting the soaked seeds 
in soil and spraying the soil containing said seeds with an acetohydroxyacid synthase inhibiting herbicide of the 
50 same or different class as that used in the seed soak step prior to the emergence of seedlings from the soil, such 
that the emergent wheat plants which are normal in appearance are resistant to the dass of acetohydroxyacid syn- 
thase inhibiting herbicide used In the seed soak and/or spraying steps. 

2. The method of Claim 1 wherein the acetohydroxyadd synthase inhibiting herbidde used in the seed soak step is 
55 the same as that used in the seed spraying step. 

3. The method of Claim 1 wherein the acetohydroxyadd synthase inhibiting herialdde used in the seed soak step is 
different from that used in the seed spraying step. 
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The method of Claim 1 wherein the dass of acetohydroxyadd synthase Inhibiting herbidde Is seleded from the 
group consisting of the imidazolinones. the sulfamoylureas, the sulfbnylcartxMcamides, the sulfonamides and the 
sulfonylureas. 



5 5. The method of Claim 4 wherein the Imidazolinone is selected from the group consisting of 2-(4-isopropyl-4-methyl- 
5-oxo-2Hmidiazolin-2-yi)-nicotinic add, 2K4HSopropylH-methyl-5K>xo-2-imida2olin-2-yl)-3^uinollnecart)o^ 
add, 5-ethyl-2-(4HSopropyl-4-methyl-5-Qxo-2-imlda20lin-2-yl)^icotinic add, 2-(4-isopropyl-4-methyl-5-oxo-2Hmida- 
zolin-2-yl)-5-{methoxymethyl)-nicotinic add, 5-f6rmyl-2-(4HSopropyl-4-methyl-5-oxo-2Hmida2olin-2-yl>-nicotinic 
add, 5-(dimethyl acetal), 3-{4HSopiropyl-4-methyl-5-oxo-2-imidazolin-2-yt) -2-methyt-crotonic add), 2-{4HSopropyl- 

10 4-methyl-5-oxo-2-imida2olin-2-yl)-5-methylnicotinic add. and a mixture of methyl 6-(4-isopropyl-4-methyl-5-oxo-2- 
imida20lin-2-yl)-ffl-toluate and methyl 2-(4-isopropyl-4-melhyl-5-oxo-2Hmidazolin-2-yl)-p-toluate. 

6. Use of a seed derived from wheat plants obtained by the method of one of daims 1 to 5 for the production of wheat. 
15 Patentanspruche 



1 . Screening-Verfahren zur Selektion von Mutatlonen. die Welzen Resistenz gegen AcetohydroxysSuresynthase inhi- 
bierendes Herbizld verlelhen, umfassend die mutagene VerSnderung von Weizensaatgut mit einem chemischen 
Mutagen, das aus der aus Natriumazid, N-Methyl-N-nitrosohamstoff, N-Ethyt-N-nitrosoharnstoff, Methansulfon- 
sauremethylester, Hydroxylamin und Hydrazin bestehenden Gruppe ausgewdhit ist. das Eintauchen des mutagen 
veranderten Saatguts in eine AcetohydroxysSuresynthase inhlblerendes Herbizid enthaltende L6sung, die eine 
bestimmte Klasse von Acetohydroxysduresynthase Inhibierendem Herbizid enthait, Aussaat des eingetauchten 
Saatguts in den Boden und Spritzen des das Saatgut enthaltenden Bodens mit einem AcetohydroxysSuresynt- 
hase-inhibierenden Herbizid aus der gleichen Oder einer anderen, als der beim Eintauch-Schritt des Saatguts ver- 
wendeten Klasse, vor dem Auflaufen der SSmlinge aus dem Boden, so da& die aufgelaufenen Weizenpflanzen mit 
normalen Aussehen gegen das bei dem EIntauch- und/oder Spritz-Schritt venwendete, Acetohydroxysfluresynt- 
hase inhibierende Herbizid resistent sind. 



2. Verfahren nach Anspruch 1 , wobei das im Eintauch-Schritt des Saatguts venwendete, Acetohydroxysfluresynthase 
30 inhibierende Herbizid dem im Spritz-Schritt des Saatguts gleicht 

3. Verfahren nach Anspruch 1 , wobei das im Eintauch-Schritt des Saatguts venwendete, AcetohydroxysSuresynthase 
inhibierende Hert)lzid ein anderes als das im Spritz-Schritt des Saatguts venwendete ist. 



35 4. 



Verfahren nach Anspruch 1, wobei die Klasse des AcetohydroxysSuresynthase inhibierenden Heri3izids aus der 
aus Imidazolinonen. Sulfamoylharnstoffen. Sulfonylcarboxamlden. Sulfonamiden und Sulfonylhamstoffen beste- 
henden Gruppe ausgewdhit ist. 



5. Verfahren nach Anspruch 4. wobei das Imidazolinon aus der aus 2-(4-lsopropyl-4-methyl-5-oxo-2-imldazolin-2-yl)- 
40 nicotinsaure, 2-(4-lsopropyl-4-methyl-5-oxo-2-imidazolin-2-yl)-3-chinolincarbonsaure, 5-Ethyl-2-(4-isopropyM- 
methyl-5-oxo-2-imidazolln-2-yl)-nicotinsaure, 2-(4-lsopropyI-4-methyl-5K)xo-2-imlda2oHn-2-yl)-5-{methoxymethyl)- 
nicotinsaure, 5-Formyl-2-(4^sopropyl-4-methyl-5<)xo-2-imidazo!in-2-yl)-nicotinsaure-5-(dimethyla^^ 3-(4-lso- 
propyl-4-methyl-5-oxo-2Hmida20lin-2-yl)-2-methylcrotonsaure, 2-(4-lsopropyl-4-methyl-5-oxo-2-imidazolin-2-yl)-5- 
methylnicotinsaure. und einem Gemisch aus 6-(4-lsopropyl^-methyt-5-oxo-2-imidazolin-2-yl)-m-toluolsauremethy- 
45 tester und 2-(4-lsopropyl-4-methyl-5-oxo-2-imidazolin-2-yi)-p-toluolsauremethylester bestehenden Gruppe ausge- 
wahlt 1st. 



6. Verwendung eines Saatguts, das von Weizenpflanzen abstammt, die durch das Verfahren nach einem der AnsprO- 
che 1 bis 5 zur Erzeugung von Weizen erhalten wurden. 

50 

Revendicatlons 



1. M6thode de criblage pour la s6lection de mutations qui conf^rent au bl6 une resistance aux herbiddes inhibant 
rac6tohydroxyadde synthase, qui comprend la mutagen6se de semences de bl6 avec un mutagene chimique 
choisi dans I'ensemble consistant en azoture de sodium, N(m6thyl-N-nitroso-ur6e, N-6thyl-N-nitroso-ur6e, m6tha- 
nesulfonate d'6thyle. hydroxytamine et hydrazine, le trempage des semences ayanl subi la mutagen^se dans une 
solution contenant un herbidde inhibant rac6tohydroxyacide synthase qui est un hertJidde Inhibant rac6lohy- 
droxyadde synthase d'une dasse partlculi6re, la plantation des semences ayant tremp6 dans un sol et la pulv6ri- 
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sation du sol contenant lesdites semences avec un herbicide inhibant rac^tohydroxyadde synthase de dasse 
identique d celle utilisSe dans r^tape de trempage des semences ou de dasse diff6rente avant l'§mergence des 
plantules du sol. de telle sorte que les plants de bl6 6mergents qui ont une apparence normale sotent r6sislants d 
la dasse d*herblddes inhibant Tac^tohydroxyadde synthase utilis^e dans les stapes de trempage des semences 
5 et/ou de pulverisation. 




2. M6thode de la revendication 1 . dans laquelle I'herbidde inhibant rac6tohydroxyadde synthase utilis6e dans Tdtape 
de trempage des semences est le m§me que celui utilis6 dans l'6tape de pulv6risation des semences. 

10 3. M6thode de la revendication 1 . dans laquelle Therbidde inhibant rac6tohydroxyadde synthase utilis6e dans r6tape 
de trempage des semences est different de celui utilise dans r6tape de pulverisation des semences. 

4. M6thode de la revendicaUon 1 . dans laquelle la dasse d'herbiddes inhibant rac6tohydroxyadde synthase est choi- 
sie dans I'ensemble consistent en imidazolinones. sulfamoylur6es. sulfbnylcarboxamides. sulfonamides et sulfony- 
15 lur^es. 



5. M6thode de la revendication 4. dans laquelle rimidazolinone est choisie dans I'ensemble consistant en adde 2-{4- 
lsopropyl-4-m6thyl-5-oxo-2-imidiazolin-2-yl)-nicotinique, adde 2-(4-isopropylH-m6thyl-5-oxo-2-imidazolin-2-yl)-3- 
qulnollnecarboxylique, adde 5-ethyl-2-{4-isopropyl-4-methyl-5-oxo-2-imida2olin-2-y1)-nicotinique, adde 2-(4hso- 
propyt-4-m6thyl-5-oxo-2-imidazolin-2-yl)-5-(m6thoxym6thyl)-nicotinique, adde 5-formyi-2-(4-isopropyl-4-m6thyl-5- 
oxo-2-imida20lin-2-yl>-nicotinique, 5-(dim6thylac6tal), adde 3-(4-isopropyl-4-m6thyl-5-oxo-2-imidazolin-2-yl)-2- 
m6thyl-crotonique, adde 2-(4-isopropyl-4-m6thyl-5-oxo-2Hmidazolin-2-yl)-5-m6thylnicotinlque et un melange de 6- 
(4Hsopropyl-4-m6thyl-5-oxo-2-imidazolin-2-ylHn-toluate de m6thyle et de 2-{4HSOpropyi-4-m6thyl-5-oxo-2Hmida- 
zolin-2-yl)-p-toluate de m^thyle 

6. Utilisation d'une semence d^riv^e de plants de bl6 obtenus par la m§thode de I'une des revendications 1 d 5 pour 
la production de bie. 
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